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INTRODUCTION 

P 

7740 

The George C M a r s h a l l  Space F l i g h t  Center  has  r e c e n t l y  i n s t a l l e d  a new 

d a t a  p r o c e s s i n g  computer sys tem.  The system i s  g e n e r a l l y  c h a r a c t e r i z e d  by 

t e l e p r o c e s s i n g  of messages r e c e i v e d  from remote t e r m i n a l s  t h a t  a r e  s t r a t e g i c a l l y  

l o c a t e d  throughout  the  space  f l i g h t  c e n t e r .  Messages a r e  p rocessed  a t  a s i n g l e  

c e n t r a l  p r o c e s s i n g  a r e a  and a r e  then  r e l a y e d  t o  one o r  more of t h e  remote 

t e r m i n a l s .  C u r r e n t l y  the  messages a r e  c l a s s i f i e d  as 1) i n v e n t o r y  ( m a t e r i a l s )  

coded a s  D350A, 2 )  PERT coded a s  D7977, 3 )  pa r t s  and r e l i a b i l i t y  (PRINTS) 

coded as A4275, 4 )  v ideo  tape management sys tems (MMS) coded as D6710, and 

5 )  l i b r a r y  coded as A761B. Each remote t e r m i n a l  s e r v e s  as a sende r  a n d / o r  

r e c e i v e r  of one o r  more of the  f i v e  message t y p e s .  The f o l l o w i n g  diagram 

d i s p l a y s  t h e  g e n e r a l  sys tem:  

A I 

CENTRAL PROCESSING 
UNIT 

I 

TABLE 1 

7740-7010 DATA PROCESSING SYSTE2I 

‘T sr’ 
REMOTE 
TERMINALS 

I n t e r f a c e  

@ 



The r o u t e  o f  a t y p i c a l  message s e n t  from and r e t u r n e d  t o  terminals i s  as f o l l o w s :  

A message s e n t  from a t e r m i n a l  i s  i n i t i a l l y  r e c e i v e d  by t h e  7740 from where i t  

p roceeds  th rough  t h e  i n t e r f a c e  b l o c k  t o  t h e  1311. From t h e  1311 t h e  message 

t h e n  r e t u r n s  t o  t h e  i n t e r f a c e ,  t h e  7740,  and t h e  i n t e r f a c e  i n  t h a t  o r d e r .  

F i n a l l y ,  t h e  message a r r i v e s  a t  the 7010 f o r  p r o c e s s i n g .  Fol lowing  p r o c e s s i n g ,  

i f  r e s u l t s  are t o  b e  t r a n s m i t t e d  back t o  one o r  more o f  t h e  t e r m i n a l s ,  t h e y  

f o l l o w  t h e  r e v e r s e  p a t h  o f  a n  incoming message,  v i z ,  7010 t o  i n t e r f a c e  t o  7740 

t o  i n t e r f a c e  t o  1311 t o  i n t e r f a c e  t o  7740 and t h e n  t o  t h e  t e r m i n a l ( s ) .  

There  are many v a r i a b l e  a s p e c t s  of  t h e  computing sys tem t h a t  g ive  r i se  t o  

p o t e n t i a l  problems such  a s  excessive tu rna round  t i m e  f o r  message p r o c e s s i n g .  

Some o f  t h e s e  v a r i a b l e  a s p e c t s  are 1) number o f  messages from t e r m i n a l s ,  2 )  

s i z e  o f  messages from t e r m i n a l s ,  3)  types  of  messages  from t e r m i n a l s ,  4 )  d e l a y  

t i m e  i n  t h e  7740 w h i l e  w a i t i n g  f o r  7010 p r o c e s s i n g ,  5) 7010 p r o c e s s i n g  t ime ,  

6 )  d e l a y  t i m e  i n  t h e  7740 whi le  w a i t i n g  f o r  d i s t r i b u t i o n  t o  t e r m i n a l s ,  7 )  

d i s t r i b u t i o n  c h a r a c t e r i s t i c s  t o  r e c e i v i n g  t e r m i n a l s ,  8) downtime of  t h e  7 0 1 0 ,  

9 )  downtime o f  t he  e n t i r e  sys tem,  10) f requency  o f  7010 down t i m e ,  and 11) 

f requency  o f  sys tem downtime. I n  a d d i t i o n ,  t h e r e  a r e  p o s s i b l y  c y c l i c  

f l u c t u a t i o n s  i n  workload ,  and a g e n e r a l  i n c r e a s e  i n  workload ove r t ime .  T h i s  

r e s e a r c h  i s  addres sed  t o  t h e  problems a s s o c i a t e d  w i t h  t h e  above .  

OBJECTIVE 

The o b j e c t i v e  o f  t h e  r e s e a r c h  was t o  deve lop  a s i m u l a t i o n  model f o r  

i n v e s t i g a t i n g  and a n a l y z i n g  t h e  impact o f  add ing  t o  t h e  t e l e p r o c e s s i n g  sys tem 

a d d i t i o n a l  t e r m i n a l s  a n d / o r  workload above t h e  p r e s e n t  l e v e l ,  and f o r  p r e -  

d i c t i n g  a t  what p o i n t  i n  time excess ive  tu rna round  w i l l  r e s u l t  from ove r -  

l o a d i n g  key components of  t he  sys tem.  

GENERAL APPROACH 

The g e n e r a l  approach  t aken  t o  the problem was t o  c o n s t r u c t  a computer 

s i m u l a t i o n  model o f  t he  sys tem.  The s i m u l a t i o n  model w a s  c o n s t r u c t e d  u s i n g  GPSS 

111 (Genera l  Purpose System S imula to r )  , and was c a p a b l e  of p o r t r a y i n g  sys tem 

re sponse  t o  a v a r i e t y  o f  l oad ing  c o n d i t i o n s .  I n  p a r t i c u l a r ,  t h e  impact o f  

a d d i t i o n a l  and of  i n c r e a s i n g  workload was of  i n t e r e s t .  Workload t r e n d s  f o r  

e x i s t i n g  t e r m i n a l s  were ana lyzed  from h i s t o r i c a l  d a t a  s u p p l i e d  by t h e  MSFC 

The s i m u l a t i o n  model w a s  made a s  g e n e r a l  a s  p o s s i b l e .  

7 



ASSUMPTIONS 

Of n e c e s s i t y  s e v e r a l  assumptions had t o  be made f o r  t h e  s i m u l a t i o n  model 

because o f  t he  need f o r  s i m p l i f i c a t i o n ,  convenience i n  c o n s t r u c t i n g  t h e  

model,  and use of  t h e  sometimes l i m i t e d  amount o f  h i s t o r i c a l  d a t a .  These 

a s sumpt ions  a r e  : 

1. 

2. 

3 .  

4 .  

5 .  

6 .  

7 .  

8 .  

9.  

10. 

11. 

1 2 .  

1.3. 

1.4 . 

The f r equency  and l e n g t h  of  messages from t e r m i n a l s  a r e  e x p o n e n t i a l l y  

d i s t r i b u t e d  and are gene ra t ed  i n  t h e  s i m u l a t i o n  model as s u c h .  

The p r o b a b i l i t y  t h a t  a message s e n d e r  a t  a t e r m i n a l  w i l l  e n t e r  a t  

l eas t  one e n t r y  p e r  20  seconds i s  1.0.  

There i s  no s i g n i f i c a n t  d e l a y  i n  a message g o i n g  from a t e r m i n a l  t o  

t h e  7740. 

Some messages w i l l  go from a t e r m i n a l  t o  t h e  7740 and then  t o  a 

t e r m i n a l ( s )  t h u s  b y p a s s i n g  the 7010-- these messages w i l l  n o t  be 

c o n s i d e r e d  by t h e  s i m u l a t i o n  model.  

7010 p r o c e s s i n g  t i m e  i s  a f u n c t i o n  of  message s i z e .  

When a message l e a v e s  t h e  7010 i t  e n t e r s  a n  imaginary queue i n  t h e  

7740 t o  await t r a n s m i t t a l  t o  t h e  t e r m i n a l  ( s )  , 

A s i n g l e  i n p u t  message may g e n e r a t e  r e s u l t s  t h a t  are t o  be t r a n s m i t t e d  

t o  two o r  more r e c e i v i n g  t e r m i n a l s .  The s i m u l a t i o n  model performs 

such  a message s p l i t  i n  a manner t o  be d e s c r i b e d  l a t e r .  

Downtime f o r  t h e  7010 and the e n t i r e  system w a s  g e n e r a t e d  from e m p i r i c a l  

d a t a .  

I f  t he  7010 i s  down f o r  more t h a n  f o u r  hour s  t h e  e n t i r e  system i s  

c o n s i d e r e d  down. 

There i s  no p r i o r i t y  on incoming o r  ou tgo ing  messages a t  any s t a g e  i n  

t h e  sys t em.  

Time r e q u i r e d  f o r  t r a n c i t i o n  through the  i n t e r f a c e  is .15 seconds p e r  

message segment ( . 4  seconds f o r  t h e  ave rage  s i z e  message o f  2 . 6 7  segmen t s . )  

Sending speed f o r  a message from a t e r m i n a l  t o  t h e  7740 i s  .16-.20 

seconds .  

I f  t he  7010 i s  a v a i l a b l e  t o  a c c e p t  a n  incoming message, t h e  message goes 

d i r e c t l y  from the  1311 t o  the i n t e r f a c e  and t h e n  t o  t h e  7010 ( t h e  i n t e r f a c e  

i s  preempted)  

A message r e t u r n i n g  from t h e  7010 t o  t h e  t e r m i n a l s  h a l t s  a t  t h e  1311 f o r  a n  

a v a i l a b i l i t y  check of  r e c e i v i n g  t e r m i n a l s .  I f  the r e c e i v i n g  t e r m i n a l ( s )  a r t  

a v a i l a b l e  t h e  i n t e r f a c e  i s  preempted by the r e t u r n i n g  message. 



SYSTEM AND SYSTEM COMPONENT DOWNTIME 

E s t i m a t e s  o f  downtime f r equency  and d u r a t i o n  o f  downtime were r e q u i r e d  f o r  

a n a l y s i s  o f  t he  computer system s i m u l a t i o n  model.  Two t y p e s  o f  downtime f o r  

t he  system were c o n s i d e r e d ,  v i z .  o f f - l i n e  downtime w i t h  t h e  7740 c o n t i n u i n g  

o p e r a t i o n s ,  and o f f - l i n e  downtime with t h e  7740 d i s c o n t i n u i n g  o p e r a t i o n s .  

H i s t o r i c a l  d a t a  were ana lyzed  t o  g e n e r a t e  t h e  p r o b a b i l i t y  d i s t r i b u t i o n s  f o r  

each  type  o f  downtime, even though the d a t a  were s p a r s e  and t h e  r e s u l t i n g  

d i s t r i b u t i o n s  g e n e r a t e d  were o n l y  very c rude  approx ima t ions  of  t h e  a c t u a l  

d i s t r i b u t i o n s  

From t h e  d a t a  made a v a i l a b l e  by t h e  MSFC a f r equency  t a l l y  o f  1) i n t e r v a l  

between s u c c e s s i v e  downtimes,  and 2 )  d u r a t i o n  o f  downtime was made f o r  each  

type of  downtime c o n s i d e r e d  f o r  t h e  model. Histograms of  each  f r equency  t a l l y  

were t h e n  drawn, and from the h i s tog rams  a g e n e r a l  form o f  a p r o b a b i l i t y  

d i s t r i b u t i o n  cou ld  be determined The r e s u l t s  o f  t h e  f r equency  t a l l i e s ,  and 

the  h i s t o g r a m s  a r e  shown i n  Table 2 .  

I n t e r v a l  Between 
S u c c e s s i v e  Down 
t imes (Days) 

0 
1 
2 
3 
4 
5 
6 

TABLE 2 

OFF-LINE W I T H  7740 CONTINUING OPERATIONS 

Frequency 

2 
43 
12 
4 
2 
0 
1 

P r o p o r t i o n  

.0310 

.6720 

.1875 

.0625 

.0310 

.oooo 

.0160 

4 



D u r a t i o n  of 
Downtime 
(Hours ) 

. 01  - . l l  

.11 - . 2 1  

. 2 1  - . 31  

. 3 1  - . 41  

. 41  - .51 

.51  - . 61  

. 61  - . 7 1  

. 7 1  - . 81  

. 81  - . 9 1  

. 9 1  - 1 . 0 1  

1 . 0 1  - 1.11 

1.11 - 1 . 2 1  

1 . 2 1  - 1 . 3 1  

1 . 3 1  - 1 . 4 1  

1 . 4 1  - 1 . 5 1  

1 . 5 1  - 1 . 6 1  

1 . 6 1  - 1 . 7 1  

1 . 7 1  - 1.81 

1.81 - 1 . 9 1  

1 . 9 1  - 2 . 0 1  

2 . 0 1  - 2 . 1 1  

2 . 1 1  - 2 . 2 1  

2 . 2 1  - 2 . 3 1  

2 . 6 1  - 2 . 7 1  

2 . 7 1  - 2.81 

2 . 8 1  - 2 . 9 1  

2 . 9 1  - 3 . 0 1  

3 .01  - 3 . 1 1  

TABLE 3 

DURATION OF DOWNTIME ON 7740 CONTINUING OPERATION 

Frequency 

0 

2 

1 

0 

3 

1 

1 

7 

7 

11 

10 

1 

6 

1 

1 

30 

0 

4 

2 

4 

1 

2 

0 

3 .91  - 4 . 0 1  1 

r 



I n t e r v a l  Between 
S u c c e s s i v e  Down 
Times (Days) 

D u r a t i o n  o f  
Down t i m e  
(Hours )  

. O 1  - . 6 5  

. 66  - 1.30 

1 . 3 1  - 1 . 9 5  

1 .96+ 

TABLE 4 

OFF-LINE WITH 7740 DISCONTINUING OPERATIONS 

Frequency 

0 

7 

2 

0 

0 

1 

P r o p o r t i o n  

. o  

.7  

. 2  

. o  

. o  

.1 

TABLE 5 

DURATION OF DOWNTIME ON 7740 DISCONTINUING OPERATIONS 

Frequency 

6 



STUDY PROCEDURES 

The g e n e r a l  approach t a k e n  t o  t h i s  r e s e a r c h  was t h e  c o n s t r u c t i o n  o f  a 

computer s i m u l a t i o n  model of  t h e  t e l e p r o c e s s i n g  sys t em.  

o f  p o r t r a y i n g  system re sponse  t o  a v a r i e t y  o f  l o a d i n g  c o n d i t i o n s .  Workload 

t r e n d s  f o r  e x i s t i n g  t e r m i n a l s  were analyzed from h i s t o r i c a l  d a t a .  Workload 

t r e n d s  f o r  new t e r m i n a l s  were e s t i m a t e d  from t r e n d s  o f  s imi l a r  e x i s t i n g  

t e r m i n a l s .  The s i m u l a t o r  w a s  made a s  g e n e r a l  as  p o s s i b l e  so t h a t  peak load 

a n a l y s e s  as w e l l  as ave rage  load a n a l y s e s  may be r u n .  

The model i s  c a p a b l e  

The model w a s  c o n s t r u c t e d  such  t h a t  t h e  f o l l o w i n g  f a c t o r  can  be s p e c i f i e d  

as i n p u t  pa rame te r s  : 

Each Terminal  - 
( 1 )  P r o b a b i l i t y  d i s t r i b u t i o n  of  f r equency  f o r  each  j o b  t y p e .  

( 2 )  Time t r e n d  parameters f o r  e a c h  j o b  t y p e .  

( 3 )  P r o b a b i l i t y  d i s t r i b u t i o n  of  message l e n g t h  (no. segments)  

f o r  e a c h  j o b  t y p e .  

THE SIMULATION MODEL 

The c e n t r a l  p a r t  o f  t h e  e f f o r t  i n  t h i s  r e s e a r c h  was t o  create  a model 

t o  s i m u l a t e  t h e  Data C e n t e r  D i v i s i o n .  The s t e p s  i n  c r e a t i n g  t h i s  model were 

(1) System d e s c r i p t i o n ,  ( 2 )  Data a c q u i s i t i o n ,  ( 3 )  Data a n a l y s i s ,  ( 4 )  Model 

d e s c r i p t i o n ,  (5) Model cod ing  and (6) Model v e r i f i c a t i o n .  

I n  Table  1 t h e  system i s  graphica1l.y d e s c r i b e d  f o r  pu rposes  of  t he  s i m u l a t i o n  

The sys t em d e s c r i p t i o n  w a s  l i m i t e d  by d a t a  and t h e  a c c u r a c y  o f  t h e  s i z e  of  

t he  s i m u l a t i o n .  It is  imposs ib l e  t o  d e s c r i b e  c o m p l e t e l y  the  sys t em,  hence t h e  

model i s  s i m p l i f i e d  b u t  i s  adequa te  f o r  d e c i s i o n  making and s t u d y  pu rposes .  

The p r e c i s e  system i s  shown i n  Table  8 f o r  hardware components.  

Da ta  were r eco rded  a b o u t  t he  message p r o c e s s i n g  as shown i n  t h e  breakdown 

o f  e a c h  r e c o r d  i n  Appendix 1. For purposes of  s i m u l a t i o n  t h i s  d a t a  i s  h a r d l y  

a d e q u a t e  t o  produce mean ingfu l  r e s u l t s .  T i m e s  a r e  o n l y  r eco rded  t o  t h e  n e a r e s t  

.01  h o u r s  o r  36 seconds and t h e  c locks  were n o t  s y n c h r o n i z e d .  Fol lowing is  

a l i s t  o f  s p e c i f i c  d a t a  improvements needed f o r  f u t u r e  s t u d i e s .  

1. Improved "accuracy" of  d a t a  ( e . 8 .  n o t  .01 h r s . )  

2 .  S y n c h r o n i z a t i o n  o f  c l o c k s  

3 .  Segments v s .  messages 

4 .  Sending and r e c e i v i n g  r a t e s  



5. 1311 t o  7010 t i m e  

6 .  Downtime d a t a  ( f r equency  and d u r a t i o n )  

7 .  Queue l e n g t h s  a t  c r i t i c a l  p o i n t s  ( t ime and number) 

Even though t h e  d a t a  were of l i m i t e d  accu racy  of t h e  d a t a ,  p r o c e s s i n g  

t imes and t u r n  around time were e s t i m a t e d  c l o s e  enough t o  pe rmi t  s i m u l a t i o n  

of  t h e  sys t em.  The d a t a  were analyzed by t e r m i n a l  and j o b  number f o r  s e v e r a l  

r e p r e s e n t a t i v e  d a y s .  A sample o f  the workload s t u d y  is shown i n  Appendix 2 .  

The c o r e  of t h e  r e s e a r c h  e f f o r t  was t h e  t r a n s l a t i o n  o f  t he  r e a l  

d e s c r i p t i o n  t o  a s u i t a b l e  f low diagram t o  a l l o w  cod ing  o f  t he  system i n  t h e  

Genera l  Purpose System S i m u l a t o r .  The a c t u a l  f low diagram is  shown i n  

Appendix 3 a l o n g  w i t h  the  program developed t o  s i m u l a t e  the  sys t em.  

Appendix 3 a l s o  h a s  a n  exp l - ana t ion  of t h e  c o d i n g  used i n  t h e  S i m u l a t i o n .  

The s i m u l a t i o n  i n c l u d e s  a l l  the components shown i n  Table 1. The 

s i m u l a t i o n  program deve lops  randomly i n p u t  ra tes  by hour  of  t h e  d a y .  These 

r a t e s  were de te rmined  from a c t u a l  d a t a .  The i n p u t  i s  s t o r e d  i n  t h e  7740 

u n t i l  t h e  7010 can  p r o c e s s  t h e  d a t a .  A queue may deve lop  i n  the  7 7 4 0 .  The 

a v e r a g e  l e n g t h  of t h i s  queue was the key parameter  used t o  v a r i f y  t h e  r e s u l t s .  

The model is  comple t e ly  g e n e r a l ,  hence any i n p u t  r a t e  cou ld  be s p e c i f i e d  by 

hour  o f  t h e  day and i t s  e f f e c t  on queue l e n g t h  and t u r n  around time d e t e r m i n e d .  

The e f f e c t  of  adding a t e r m i n a l  o r  i n c r e a s i n g  t h e  p r o c e s s i n g  speed cou ld  be 

hand led  w i t h  o n l y  minor changes i n  the program. 

Fo l lowing  development o f  t h e  model i t  was n e c e s s a r y  t o  v e r i f y  t h a t  t h e  

model d e s c r i b e d  t h e  r e a l  system w i t h  r e a s o n a b l e  a c c u r a c y .  I n  o r d e r  t o  v e r i f y  

t h e  model ,  ave rage  d e l a y  t i m e  by hour o f  day  i n  t h e  7740 f o r  b o t h  t h e  r e a l  

sys t em and t h e  s i m u l a t e d  model w a s  o b t a i n e d .  A s  shown i n  Tab les  6 and 7 t h e  

model was s u f f i c i e n t l y  c l o s e  t o  a l l o w  g e n e r a l i z a t i o n s  t o  be made from i t .  
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RESULTS AND CONCLUSIONS 

The s i m u l a t i o n  performed a c c u r a t e l y  d e s c r i b e d  t h e  system a s  i t  now 

o p e r a t e s  a s  shown i n  Tab les  6 and 7 .  The model i s  now c a p a b l e  o f  answer ing  

q u e s t i o n s  abou t  t h e  e f f e c t  of  i n c r e a s i n g  work loads ,  a d d i t i o n  of  t e r m i n a l s ,  

and i n c r e a s e  i n  computa t iona l  a b i l i t y .  

The workload s t u d y  i n d i c a t e d  t h a t  most o f  t h e  e n t r i e s  a r e  a r e s u l t  of 

t h e  i n v e n t o r y  system. A s  i n v e n t o r y  is a d i r e c t  f u n c t i o n  of  t h e  a c t i v i t y  

o f  t h e  c e n t e r  t h e  load c o u l d  be e s t i m a t e d  by u s i n g  p r o j e c t e d  c e n t e r  a c t i v i t y  

a s  a n  i n d i c a t o r .  The v i d e o  t ape  management system a l s o  c o n t r i b u t e s  t o  the  

load and may be expec ted  t o  i n c r e a s e  w i t h  a c t i v i t y .  

The pr imary r e s u l t  o f  t h i s  s tudy  was t h e  c r e a t i o n  of  a s i m u l a t i o n  of  

t h e  7740-7010 d a t a  p r o c e s s i n g  system. Ques t ions  can  now be asked c o n c e r n i n g  

t h e  e f f e c t  of  add ing  t e r m i n a l s ,  i n c r e a s i n g  workloads,  o r  s t u d y i n g  downtime. 

The workload s t u d i e s  would e n a b l e  one t o  s i m u l a t e  proposed systems w i t h  

a c c u r a c y  no t  p o s s i b l e  o t h e r w i s e .  

A secondary  r e s u l t  was t h e  e s t a b l i s h m e n t  o f  t he  f a c t  t h a t  complex 

computer systems can be s i m u l a t e d  by t h e  Genera l  Purpose Systems S i m u l a t o r .  

A t o o l  is  a v a i l a b l e  t o  ana lyze  t h e  c o s t  e f f e c t i v e n e s s  of a computer system 

b e f o r e  a c o n t r a c t  i s  g i v e n .  Also the d i f f i c u l t i e s  of  making the  t r a n s i t i o n  

from a n  o l d  system t o  a new one could be e x p l o r e d  t h e r e b y  improving t h e  

t r a n s i t i o n  p r o c e s s .  
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Time 

6:30 - 7:30 
7:30 - 8:30 
8 :30  - 9 :30  
9:30 - 10:30 

10:30 - 11:30 
11:30 - 12:30 
12:30 - 1:30 

1 :30  - 2:30 
2:30 - 3:30 

T i m e  - 
6 : 3 0  - 7:30 
7:30 - 8:30 
8 :30  - 9:30 
9:30 - 10:30  

10:30 - 11:30 
11:30 - 12:30 
12:30 - 1:30  

1:30 - 2:30 
2:30 - 3:30 

TABLE 6 

ACTUAL DELAY vs HOUR OF THE DAY-AVERAGE 

Average 

20.76 Sec .  
1 M i n .  15.59 Sec .  
1 Min.  12.64 Sec .  
1 Min.  1 .42  Sec .  

15 Min .  26.24 Sec .  
2 Min .  2 1 . 2 2  Sec .  
1 Min .  43 .17  Sec .  
9 Min .  36.87 Sec .  
2 Min .  8.00 Sec .  

TABLE 7 

SIMULATED DELAY vs HOUR OF THE DAY 

Maximum 

2 Min .  24.00 Sec .  
7 Min. 48 .00  Sec .  

37 Min .  12.00 Sec .  
6 Min. 0.00 Sec .  

66 Min .  0.00 Sec .  
35 M i n .  24 .00  Sec .  

6 Min. 0.00 Sec .  
42 Min .  36 .00  Sec .  
16  Min. 48 .00  Sec .  

Average 

19.7472 Sec .  
3 Min. 44.6335 Sec .  7’; 

;? 

J- 

2 Min .  26.4329 Sec .  
19.7472 Sec .  

2 Min 26.4329 Sec .  
19.7472 Sec .  

-1. 

;? S i m u l a t i o n  was no t  completed because of s t o r a g e  o v e r f l o w .  
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APPENDIX 1 

SYSTEM COMPONENT DATA 



F i l e  Content :  

I = message from 7740 t o  7010, I n p u t  

0 = message from 7010 t o  7740, Output 

B = e i t h e r  o r  bo th  

A 1-3 B 

B 4-6 B 

C 7-10 B 

D 11-14 I 

0 

E 15-18 I 

0 

F 19-22 I 

0 

G 23-26 I 

0 

H 27-31 B 

I 32-35 I 

0 

J 36-39 B 

40-80 B 

81 B 

S t a t i o n  send ing  message. 

S t a t i o n  r e c e i v i n g  message. 

Date message r ece ived  by 7740, MMDD, e x  JN16. 

Time r e c e i v e d  by 7010 

Time i n p u t  message t h a t  c r e a t e d  t h i s  Output w a s  r e c e i v e d  a t  7010. 

Time message r e c e i v e d  a t  7740. 

Same as 11-14. 

Message sequence number as r e c e i v e d  by 7010, s e r i a l  by day.  

(Assgn by 7740) 

Message sequence,  s e r i a l  from each  i n i t i a l i z a t i o n ,  of 7010 

Output messages.  

Message sequence number, s e r i a l  by day,  as s e n t  from the  send ing  

s t a t  i o n .  

"0000" 

Job number used f o r  account ing and d e t e r m i n a t i o n  of  a p p l i c a t i o n .  

Time d i f f e r e n c e  between r e c e i v i n g  1st and l a s t  o f  message. 

I n c l u d e s  a p p l i c a t i o n  p r o c e s s i n g  t i m e .  

I 0000 I 

Number o f  segments i n  message. 

Blank 
I 1  

NOTE: One message may have m u l t i p l e  d e s t i n a t i o n s .  Only t h e  7010 is  shown 

f o r  t hose  m u l t i - d e s t i n e d  messages;  i . e .  t e r m i n a l  t o  t e r m i n a l  is  n o t  i n  f i l e .  

One r e c o r d  per  d e s t i n a t i o n  i s  c r e a t e d  f o r  m u l t i - d e s t i n e d  Output messages.  

'HST' t o  'HST' (7010 t o  7010) messages a r e  shown o n l y  as i n p u t .  

MESSAGE ANALYSIS FILE FOR AUBURN 

Format: 80  c h a r a c t e r s  p l u s  r e c o r d  mark blocked 25. 

Sequence : Date, s end ing  t e r m i n a l  , message number. 

Background: The 7010, c a l l e d  'HST' f o r  h o s t ,  i s  t i e d  t o  the  7740. The 



7740 has  many remote t e r m i n a l s .  The t e r m i n a l s  ' send t o '  and ' r e c e i v e  from' 

the 7740 a s  does t h e  7010. The 7010 c r e a t e s  a l o g  of i n fo rma t ion  f a r  each  

message i t  r e c e i v e s  from o r  sends t o  the 7740. The message a n a l y s i s  f i l e  

i s  e x t r a c t e d  from these  l o g s .  

D350A 

D7977 

A4275 

A751B 

D6710 

J O B  CODES 

Mate r i a  1 

PACCT 

PRINCE 

RS I C  

MMS 

(Supply) 3179 

(PERT) 

( P a r t s  i n f o .  & r e l i a b i l i t y )  

( L i b r a r y )  

(MSFC Management Sys . -Vid io)  

Type of  t e r m i n a l  c h a r t :  

Name Gear Name Gear Name Gear 

HST = 
A00 = 
500 = 
so0 = 
A01 = 
A02 = 
A03 = 
A04 = 
A05 = 
A06 = 
A07 = 
A08 = 
A09 = 
A10 = 
A l l  = 
A13 = 
A14 = 
A15 = 
515 = 
S15 = 
A16 = 
516 = 

7010 
1052 
1056 
1058 
1052 
1052 
1052 
1053 
1052 
1053 
1052 
1053 
IO53 
1052 
1052 
1053 
1053 
1052 
1066 
1058 
1052 
1056 

A17  = 
A28 = 
S28 = 
528 = 
A29 = 
5 2 9  = 
A51 = 
551 = 
S51 = 
B51 = 
K51 = 
T51 = 
518 = 
A19 = 
A 2 1  = 
521  = 
A24 = 
A26 = 
526 = 
531 = 
532 = 
533 = 

1052 
1052 
1058 
1056 
1052 
1056 
1052 
1056 
1058 
1052 
1056 
1058 
1056 
1052 
1052 
1056 
1052 
1052 
1056 
1030 
1030 
1030 

534 =: 1030 
535 = 1030 
540 = 1030 
541 = 1030 
542 = 1030 
S30 = 1058 
s22 = 1058 
s12 = 1058 
S25 = 1058 
523 = 1056 
C51 = 1052 
CSL = 1052 

1056 
TTT = 1052 

1056 

1052 = keyboard 
1053 = p r i n t e r  
1056 = c a r d  r e a d e r  
1058 = c a r d  punch I 

1030 = c a r d  ti s l i d e  r eade r  ~ 

1. Any t r a n s m i s s i o n  t o  any type of 1050 i s  a t  14.8 c h a r a c t e r s  pe r  second. 

2260 speed is  120 c h a r a c t e r s  per second. 

2%. Average segment l e n g t h  is  80 c h a r .  

3 .  Average pause between segments is  1 s e c  

4 .  Average pause between messages is 6 s e c .  
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APPENDIX 3 

THE SIMULATION FLOW DIAGRAM 

PROGRAM AND RESULTS 



EXPLANATION OF TABLES 

Table  1 c o n t a i n s  t h e  t o t a l  t i m e  t h a t  messages s t a y  i n  the s i m u l a t e d  

7740 - 7010 T e l e p r o c e s s i n g  System. 

e n t e r e d  as a n  argument i n  the t a b l e  e x p r e s s e d  i n  t e n t h s  of  

s econds .  The mean argument i s  t h e  ave rage  t i m e  f o r  a message 

d u r i n g  t h e  p a r t i c u l a r  hour  of s i m u l a t i o n .  

The t ime f o r  a message i s  

Table  2 c o n t a i n s  t h e  t imes it t a k e s  f o r  segments t o  be p l a c e d  on d i s k s  

r eady  t o  be p rocessed  by HST 7010. Th i s  t ime s t a r t s  w i t h  c r e a t i o n  

of segment as p a r t  of  a message a t  a t e r m i n a l  and ends  when segment 

i s  s e n t  t o  HST 7010. The mean argument i s  t h e  ave rage  t i m e  f o r  a 

segment d u r i n g  t h e  p a r t i c u l a r  h o u r s  o f  s i m u l a t i o n  e x p r e s s e d  i n  

t e n t h s  o f  s econds .  

Table  3 c o n t a i n s  t h e  times i t  t a k e s  f o r  segments t o  r e a c h  o u t p u t  t e r m i n a l s  

a f t e r  p r o c e s s i n g  by HST 7010. T h i s  t i m e  s t a r t s  when segment l e a v e s  

HST 7010 and ends  when segment i s  r e c e i v e d  a t  d e s i g n a t e d  t e r m i n a l  a s  

p a r t  of  a message. The mean  argument i s  t h e  ave rage  t ime f o r  a 

segment d u r i n g  t h e  p a r t i c u l a r  hour  of s i m u l a t i o n  e x p r e s s e d  i n  t e n t h s  

of s econds .  

Table  4 c o n t a i n s  t h e  t imes segments a r e  i n  HST 7010. Th i s  t ime s t a r t s  when 

segment e n t e r s  HST 7010 and ends when segment l e a v e s  HST 7010. The 

mean argument i s  t h e  average t ime a segment i s  i n  t h e  HST 7010 

e x p r e s s e d  i n  t e n t h s  o f  seconds.  



Observed Frequency - number of arguments w i t h i n  i n t e r v a l .  

P e r c e n t  of T o t a l  - number of arguments w i t h i n  i n t e r v a l  d i v i d e d  by t o t a l  

number of arguments i n  t a b l e .  

Cumulative Pe rcen tage  - cumula t ive  pe rcen tage  of p e r c e n t  of t o t a l .  

Cumulative Reminder - 100% minus cumulat ive p e r c e n t a g e .  

M u l t i p l e  of Mean - upper  l i m i t  of i n t e r v a l  d i v i d e d  by mean argument 



STORAGE NUMBER - Number o f  s t o r a g e  

C a p a c i t y  - g iven  by s t o r a g e  d e f i n i t i o n  c a r d  as  maximum al lowed i n  s t o r a g e .  

Average Con ten t s  - cumula t ive  amount of  t i m e  t h a t  t r a n s a c t i o n s  are i n  

s t o r a g e  d i v i d e d  by c l o c k  t ime o f  r u n .  

Average U t i l i z a t i o n  - cumulat ive amount o f  t i m e  t h a t  t r a n s a c t i o n s  a r e  i n  

s t o r a g e  d i v i d e d  by c l o c k  t ime of run  t imes  c a p a c i t y .  

E n t r i e s  - t o t a l  number of  t r a n s a c t i o n s  t h a t  e n t e r e d  s t o r a g e .  

Average Time/Trans - cumulat ive amount of  t i m e  t h a t  t r a n s a c t i o n s  a r e  

i n  s t o r a g e  d i v i d e d  by number of e n t r i e s .  

C u r r e n t  Con ten t s  - c o n t e n t s  of  s t o r a g e  a t  end o f  r u n .  

Maximum Con ten t s  - l a r g e s t  number of t r a n s a c t i o n s  i n  s t o r a g e  a t  any t i m e  

d u r i n g  r u n .  

QUEUE NUMBER - Number o f  queue 

Maximum Con ten t s  - l a r g e s t  number o f  t r a n s a c t i o n s  i n  queue a t  any t ime 

d u r i n g  r u n .  

Average Con ten t s  - cumula t ive  amount of t ime t h a t  t r a n s a c t i o n s  a r e  i n  

queue d i v i d e d  by c l o c k  t i m e  of r u n .  

T o t a l  E n t r i e s  - t o t a l  number of t r a n s a c t i o n s  t h a t  e n t e r e d  queue.  

Ze ro  E n t r i e s  - t o t a l  number of  t r a n s a c t i o n s  t h a t  e n t e r e d  queue and l e f t  

queue w i t h o u t  d e l a y i n g  anyt ime i n  queue. 

P e r c e n t  Zeros - t o t a l  e n t r i e s  d i v i d e d  by z e r o  e n t r i e s .  

Average TimefTrans - cumula t ive  amount of time t h a t  t r a n s a c t i o n s  a r e  i n  

queue d i v i d e d  by t o t a l  number of  e n t r i e s .  

Average TimefTrans - ave rage  time of t r a n s a c t i o n  e x c l u d i n g  z e r o  e n t r i e s .  

Tab le  Number - r e f e r s  t o  number o f  t a b l e  c o n t a i n i n g  a breakdown of 

queue s t a t i s t i c s  g a t h e r e d  d u r i n g  r u n .  

C u r r e n t  Con ten t s  - c o n t e n t s  o f  queue a t  end of r u n .  

TABLE NUMBER - Number of Table  

E n t r i e s  i n  Table - number of t r a n s a c t i o n s  r eco rded  i n  t a b l e .  

Mean Argument - sum of  arguments e n t e r e d  i n  t a b l e  d i v i d e d  by number o f  

e n t r i e s  i n  t a b l e .  

S t a n d a r d  D e v i a t i o n  - g i v e s  p l u s  o r  1 s t a n d a r d  d e v i a t i o n  from mean. 

Sum of Argument - sum of arguments e n t e r e d  i n  t a b l e .  

Upper L i m i t  - upper  l i m i t  of arguments w i t h i n  i n t e r v a l  w i t h  t h i s  upper 

l i m i t .  

A 



EXPLANATION OF PARAHETERS (con t inued)  

Pa rame t e  r Con ten t s  Purpose 

6 Parameter  5 

7 Func t ion  1 2 ;  Parameter  8 

8 Parameter  7 

9 F u n c t i o n  1 2 ;  pa rame te r  11 

10 V a r i a b l e s  5 , 6 , 7 ,  

11 Parameter  9 

Holds segment l e n g t h  f o r  
use l a t e r  

Ass igns  segment l e n g t h  f o r  
Job  A761B 

Holds segment l e n g t h  f o r  
u se  l a t e r  

Ass igns  segment l e n g t h  f o r  
Job A761B 

A s s i g n s  l e n g t h  o f  t i m e  o u t -  
go ing  segment shou ld  s t a y  
i n  t e r m i n a l  f o r  p r o c e s s i n g  

Holds segment l e n g t h  f o r  
u s e  l a t e r  

EXPLANATION OF HEADINGS I N  RESULTS 

BLOCK COUNTS - Records what h a s  t r a n s p i r e d  d u r i n g  t i m e  p e r i o d  f o r  p r i n t o u t .  

BLOCK - Block number c o r r e s p o n d i n g  t o  program. 

TRANS - C u r r e n t  number o f  t r a n s a c t i o n s  i n  b l o c k .  

TOTAL - T o t a l  number of t r a n s a c t i o n s  t h a t  e n t e r e d  b l o c k .  

SAVEX - Values of  s t a n d a r d  numberical  a t t r i b u t e s  saved  from program. 

NR - P l a c e  v a l u e  w a s  s a v e d .  

VALUE - What w a s  s aved .  

FACILITY NUMBER - Number of  f a c i l i t y  

Average U t i l i z a t i o n  - cumula t ive  amount o f  t ime t h a t  t r a n s a c t i o n s  a r e  i n  

f a c i l i t y  d i v i d e d  by c l o c k t i m e  o f  r u n .  

Number E n t r i e s  - t o t a l  number of t r a n s a c t i o n s  t h a t  e n t e r e d  f a c i l i t y .  

Average Time/Trans - cumula t ive  amount o f  t i m e  t h a t  t r a n s a c t i o n s  are i n  

f a c i l i t y  d iv ided  by number o f  e n t r i e s  

S e i z i n g  Trans .  No. - number of  s e i z i n g  t r a n s a c t i o n  i n  f a c i l i t y  a t  end 

o f  r u n .  

Preempting T r a n s .  N o .  - Number of preempting t r a n s a c t i o n s  i n  f a c i l i t y  

a t  end of r u n .  



EXPLANATION OF QUEUES 

Queue 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
1 3  
14 
15  
16  
17 
1 8  
1 9  
2 0  
22 
34 
41 
4 2  
4 3  
44 
4 5  
4 6  
4 7  
4 8  
4 9  
5 0  
5 1  
6 1  
62 
6 3  
6 4  
65  
6 6  
67 
6 8  
69 
7 0  
7 1  
72  
7 3  
7 4  
75  
76  

For Facility 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
1 3  
14 
15 
1 6  
17 
18  
19 
2 0  
22 
34 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
2 1  
22 
23  
24  
25 
26 
27 
28 
2 9  
30  
3 1  
32 
33 
32 
33 

100 



EXPLANATION OF VAKIABLES 

V a r i a b l e  C o n t e n t s  

6 

7 

I 8 

9 

10 
’ .  

I 11 

I -  12 

Parame t e r  

1 

2 

5 

Transmit t i m e  f o r  1030 t e r m i n a l  

Transmit t i m e  f o r  A21 type  t e r m i n a l  p e r  segment 

Not used i n  f i n a l  form of GPSS s i m u l a t i o n  model 
II II I1 I 1  I 1  I f  I t  I t  I 1  

Transmit t i m e  f o r  o u t g o i n g  t e r m i n a l  w i t h  both 
1052 and 1058 p r i n t e r s  p e r  segment 

Transmit t i m e  f o r  most o u t g o i n g  t e r m i n a l s  

Transmit t i m e  f o r  o u t g o i n g  terminal. w i t h  1052 
p r i n t e r  p e r  segment 

Not used i n  f i n a l  form o f  GPSS s i m u l a t i o n  model 

Transmit t i m e  f o r  HST 7010 p e r  o u t g o i n g  segment 

Transmit t i m e  f o r  HST t o  HST message 

Not used i n  f i n a l  form of  GPSS s i m u l a t i o n  model 

Transmit t i m e  f o r  HST 7010 f o r  incoming segment 

EXPLANATION OF PARAMETERS 

Con ten t s  

F u n c t i o n s  2 , 3 , 4 , 5 , 6 , 7 , 8 9 ;  
c o n s t a n t s  0 and 1 

F u n c t i o n  12;  pa rame te r  3 

Parameter  2 

Parameter  1,4 + 40;  
c o n s t a n t s  72 and 73 

F u n c t i o n  11; pa rame te r  6 

Purpose 

A s s i g n s  incoming & o u t g b i n g  
messages o r  ‘segments t o  
t e  rmina Is 

A s s i g n s  segment l e n g t h  f o r  
Job A761B 

Holds segment l e n g t h  f o r  
u s e  l a t e r  

Ass igns  segments t o  o u t g o i n g  
t e r m i n a l s  and i n  some 
c a s e s  40 is  added t o  s e p a r a t e  
incoming and o u t g o i n g  queues 
f o r  two-way t e r m i n a l s  

Ass igns  segment l e n g t h  f o r  
Job D350A 



’ .  

EXPLANATION OF QUEUES ( c o n t i n u e d )  

For  F a c i l i t y  Queue 

77 
7 8  
7 9  
88 
90  
91 
99 

100 

99 
7 0  
7 0  

LOO 
7 0  

99 
100 

* 

* Not r e l a t e d  t o  a f a c i l i t y ,  g a t h e r s  times f o r  segments i n  HST 7 0 1 0  

EXPLANATION OF STOMGES 

S t o r a g e  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
2 1  
22 
2 3  
2 4  
25 
2 6  
27 
2 8  
2 9  
30 
3 1  
32 
33 
34 
35 

Type 

Terminal  Output  Buf fe r  
1 1  I t  1 1  

I t  I t  11 

1 1  11  11 

I 1  I 1  I 1  

1 1  II 11 

1 1  11 I 1  

11 II 11 

1 1  11 11 

11 I t  l l  

t I  I I  I 1  

11 I t  I t  

t I  II I 1  

1 1  11 11 

11 11 11 

I t  I 1  II 

1 1  11 I I  

II I t  1 1  

I t  II 11 

1 1  11 t I  

1 1  I 1  II 

I t  II 11 

II II 11 

11 I 1  11 

7010 I n p u t  Buffer  
7010 Output  Buffer  

For 

Fac il i ty  
o u t p u t  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
2 1  
22 
2 3  
2 4  
25 
26 
27 
28 
2 9  
30 
3 1  
32 
33 

C a p a c i t y  

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
8 



EXPLANATION OF FACILITIES 

I .  

F a c i l i t y  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
1 3  
14 
15 
16 
17  
18 
19 
20 
2 1  
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
70 

100 

Type 

Two-way t e r m i n a l  ( incoming & o u t g o i n g )  
II II I 1  

II 

11 

I 1  

1 1  

I t  

11 

I 1  

II 

II 

One -way 
11 

II 

11 

II 

11 

11 

11 

Two-way 
11 

11 

I t  

I 1  

I 1  

I t  

nl 
II 

I 1  

I 1  

I nc om i n  g 
I 1  

I t  

I t  

t I  

11 

11 

I t  

t e r m i n a l  
t I  

Te rmina 1 
1 1  

11 

I 1  

1 1  

I t  

I 1  

I t  

(DA 1,2 ,+  3 ;  Job D6710) 
I 1  11 II 

One-way Outgoing Terminal  (1058 P r i n t e r )  

One-way Outgoing Terminal  (1053 P r i n t e r )  
I 1  1 1  11  11 

11 11 11 l t  

II II I 1  I t  

I 1  I t  I 1  II 

One-way Outgoing Terminal  (1052 P r i n t e r )  
II I 1  1 1  I 1  

II II I t  t I  

Two-way Terminal  ( A 2 1 )  

One-way Incoming Terminal  
HST 7010 
Disks 

II II II 
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